###### Strengths and limitations of this study

-   Data were from a large nationwide prospective cohort and included information on several risk factors at different life stages and numerous covariates.

-   We studied three accepted and validated indicators of obesity using standardised measurements.

-   Sample reductions due to missing information were addressed using multiple imputation.

-   A limitation is that most risk factors were self-reported.

Introduction {#s1}
============

Worldwide, an estimated 2.1 billion people are overweight and obese, and between 1980 and 2013 the prevalence in adults increased from 29% to 37% in men, and from 30% to 38% in women.[@R1] Central obesity, as indicated by waist circumference and waist--hip ratio (WHR) and general obesity, indicated by body mass index (BMI), have been found to predict morbidity[@R2] and mortality.[@R3] [@R4] Thus, it is important to understand the determinants of central and general obesity. Such determinants are regarded as multilayered, from proximal behaviours affecting energy balance to distal societal drivers that shape the environments in which individuals live.[@R5] At the individual level, research that tracks the development of obesity suggests that a broad range of influences operate at different life stages.[@R6] In early life, factors such as high parental BMI[@R6] and maternal smoking during pregnancy[@R9] have been found to be associated with increased adult adiposity; while for adulthood, there has been a focus on modifiable risk behaviours such as physical inactivity, diet, smoking and alcohol consumption.[@R10] Unfavourable risk behaviours often cluster within individuals and are more prevalent within disadvantaged socioeconomic groups,[@R11] possibly contributing to social differences in obesity prevalence and related disease burden.

Assessing the combined association of risk factors for obesity can indicate the potential public health impact of interventions at a specific life stage, as documented for pregnancy and infancy.[@R7] [@R12] [@R13] For example, one study of four modifiable early-life risk factors (maternal smoking in pregnancy, gestational weight gain, breast feeding and infant sleep duration) reported that higher levels of risk factor accumulation were associated with increased predicted probability of childhood obesity and notably, more than 50% of the population had \>1 risk factor.[@R7] [@R13] While many risk factors for obesity are known, few studies to date have investigated their combined association across different life stages.[@R14] Thus, several gaps in knowledge remain, including whether combinations of factors from early and later life have cumulative or synergistic effects, whether factors cluster within the general population or different social groups and whether associations of lifetime factors are similar for central and general obesity. Therefore, in a nationwide birth cohort we aimed to evaluate the single and combined associations of early and adult life risk factors for central and general obesity in mid-adulthood. Further, we assessed the predicted probability of central and general obesity for different combinations of early and adult life risk factors. Finally, we aimed to determine whether early and adult life risk factors for central and general obesity cluster and whether any clustering varied by socioeconomic position (SEP). We focused primarily on factors that are of importance to public health policy because they are amenable to change, rather than a broader range of factors.

Methods {#s2}
=======

Study population {#s2a}
----------------

The 1958 British birth cohort is an ongoing, prospective study of all individuals born in England, Scotland and Wales during first week of March 1958 (n=17 638), and an additional 920 immigrants with the same birth week.[@R15] Survivors from the total target population (n=18 558) were followed up into adulthood and at 45 years, 11 971 were invited to a biomedical survey performed by a nurse in the participant\'s home: 9377 (78.3%) participated. These respondents were broadly representative of the total surviving cohort.[@R16] Informed consent was obtained from participants.

Obesity measures {#s2b}
----------------

Three 45 year obesity outcomes were examined: waist and WHR (markers of central obesity) and BMI (marker of general obesity). Waist and hip circumferences were measured to the nearest millimetre with a body tension tape: waist circumference midway between the lower ribs and iliac crest in the mid-axillary line; hip circumference at the widest part of the body below the waist. Weight was measured to the nearest gram with Tanita solar scales and height to the nearest millimetre with a portable stadiometer with sliding head and base plate and a Frankfort plane card. Nurses were trained to use standardised protocols for all measures.[@R17] Waist obesity was defined as a circumference \>102 cm (men) and \>88 cm (women) and WHR obesity as WHR ≥0.95 (men) and ≥0.85 (women). General obesity was defined as BMI (kg/m^2^) ≥30 kg/m^2^. Additionally, three continuous measures were examined: waist circumference (cm), WHR and BMI (kg/m^2^).

Lifetime risk factors {#s2c}
---------------------

*Early life:* Parental BMI was calculated from reported maternal prepregnancy weight and height in 1958 and paternal reports in 1969. Maternal weight was recorded in preclassified groups ranging from under 7 stone (44.5 kg) to over 15 stone (95.3 kg), paternal weight from 6 stone 4 pounds (39.9 kg) to 19 stone 4 pounds (122.5 kg); weight was converted to kilograms by assigning a value equivalent to the midpoint of the recorded weight category. Height was recorded to the nearest inch and converted into metres. Parental overweight was defined as having at least one parent with a BMI ≥25 kg/m^2^. Maternal smoking during pregnancy, defined as ≥1 cigarette/day after the fourth month of pregnancy, was reported at birth.

*Adult life:* factors were self-reported at 42 years. Leisure-time physical activity frequency was reported using a list of examples such as swimming and going for walks, to aid recall. Inactivity was classified as being active \<1/week.[@R18] Diet was reported as consumption frequency of several foods, for example, fruit, salad/vegetables, wholemeal bread or rolls and fried food (\>1/day, 1/day, 3--6 days/week, 1--2 days/week, \<1/week, occasionally, never).[@R19] Because dietary variables were correlated, for example, 47% of those consuming wholemeal bread \>1/day were also consuming fruit \>1/day, we used dietary fibre as a previously identified indicator of diet quality,[@R20] classifying 'occasional' or 'never' consumption of wholemeal bread or rolls as 'low fibre'. Alcohol consumption was estimated from participant reports of amount of beer, lager, spirits, wine and other alcoholic drinks consumed in the previous week; heavy drinkers were identified as consuming \>35 (men) and \>21 (women) units/week. Smoking status was categorised as ever (current and former) and never.

*Covariates* were selected a priori based on reports in the literature of associations with adiposity.[@R6] [@R21] [@R22] Early-life covariates included social class at birth (four categories; from professional/managerial to semiskilled and unskilled manual), birth weight (kg), chronic physical handicap or disabling condition at 7 or 16 years (yes/no), and coordination/hand control problems identified at 7, 11 or 16 years (grouped as problems at 0, 1, 2 or 3 ages); adult life covariates included educational qualifications by 33 years (five categories: no qualifications to degree level), and paid employment at 42 years (yes/no).

Data analysis {#s2d}
-------------

We used logistic regression to investigate risk factor associations with central (waist and WHR) and general obesity and tested whether associations differed by gender using an interaction term; any interactions found were included in subsequent analyses. For our first aim, to evaluate the single and cumulative associations of early and adult life risk factors with obesity, we examined each factor and 45 year obesity in three stages: (1) separately, (2) adjusted for all other early and adult life factors and (3) additionally adjusted for early and adult life covariates. To assess whether risk factors remaining in fully adjusted models for central and general obesity had synergistic effects (on an additive scale), we tested all two-way interactions between risk factors. In supplementary analyses, the above analysis was repeated using linear regression for waist circumference, WHR (multiplied by 100) and BMI as continuous variables.

For our second aim, we estimated predicted probabilities and 95% CIs of obesity, from logistic regression models. Using factors associated with obesity identified from analyses for aim one, we estimated probabilities for cumulative levels of early and adult life risk factors (ie, 0, 1, 2 factors, etc). Predicted probabilities of obesity for each level of cumulative risk factors were gender specific and conditioned on covariates, that is, estimated for an individual with a mean birth weight, a father in professional/managerial class at birth, no chronic physical disability or coordination/hand control problems in childhood, degree level qualifications and in paid employment at 42 years.

Finally, we aimed to determine whether early and adult life risk factors for central and general obesity cluster (ie, risk factors have a greater co-occurrence than would be predicted from probability rules,[@R23] implying an underlying association between them) and whether any clustering varied by SEP. Using the observed prevalence of single risk factors, we calculated the expected prevalence for each level of cumulative risk factors under the assumption that each risk factor occurred independently of others. For example, the expected prevalence of having none of three risk factors was calculated as the probability of not having risk factor (NRF) 1, 2 and 3, that is, NRF1×NRF2×NRF3 multiplied by 100. The observed prevalence was divided by the expected prevalence to give an observed-to-expected (O/E) ratio; values \>1 represent a higher prevalence than expected, while values \<1 represent a lower than expected prevalence. Expected prevalence and O/E ratios were calculated for manual and non-manual social groups (class at birth).

Of 9377 participants at 45 years, our analysis was based on 9299 who had information on waist circumference (4629 males and 4670 females). Because of missing data for covariates (ranging from 3% for class at birth to 30% for chronic physical disability at 16 years), all model factors were imputed using multiple imputation by chained equations. Imputation models included all model factors and covariates as well as previously identified key predictors of missingness, including childhood internalising and externalising behaviours and cognition.[@R16] The dataset was imputed 10 times according to current guidelines.[@R24] Non-imputed and imputed associations were similar, hence imputed results are presented. Analyses were performed using STATA V.12.

Results {#s3}
=======

At 45 years, 33% of men and 37% of women were centrally obese as defined by waist circumference, whereas 34% of men and 25% of women were centrally obese as defined by WHR. About a quarter of both genders were identified as having general obesity ([table 1](#BMJOPEN2016011044TB1){ref-type="table"}). Adiposity measures were correlated, most strongly for BMI and waist circumference (r=0.88 in men; 0.90 in women), while for BMI and WHR correlations were 0.60 (men) and 0.43 (women) and that for waist and WHR were 0.80 (men) and 0.71 (women).

###### 

Early life and adult characteristics of men and women in the 1958 birth cohort

                                   Men (n=4629)\*   Women (n=4670)\*
  -------------------------------- ---------------- ------------------
  45 years obesity                                  
   Waist circumference (cm)        98.5 (11.2)      85.6 (12.9)
   Waist obesity†                  32.5 (1503)      36.7 (1715)
   Waist--hip ratio (WHR)          0.9 (0.1)        0.8 (0.1)
   WHR obesity‡                    34.0 (1572)      25.1 (1174)
   Body mass index (BMI; kg/m²)    27.8 (4.3)       27.0 (5.6)
   General obesity§                25.3 (1168)      23.6 (1098)
  Early life risk factors                           
   Parental overweight¶            53.0 (1815)      53.9 (1849)
   Maternal smoking in pregnancy   31.4 (1361)      32.8 (1434)
  42 years adult risk factors                       
   Ever smoker\*\*                 53.1 (2366)      51.3 (2327)
   Heavy drinker††                 20.7 (924)       6.5 (297)
   Inactive‡‡                      33.4 (1491)      34.4 (1560)
   Low fibre consumption§§         37.3 (1663)      33.5 (1521)

\*Number of participants with a waist circumference measure. N varies for each characteristic due to missing data.

†\>102 cm (men), \>88 cm (women).

‡≥0.95 (men), ≥0.85 (women).

§BMI ≥30 kg/m^2^.

¶At least one parent with BMI≥25 kg/m^2^.

\*\*Current and former smokers.

††\>35 (men), \>21 (women) units/week.

‡‡Active \<1/week.

§§Wholemeal bread or rolls eaten 'never' or 'occasionally'.

In gender-adjusted and fully adjusted models, parental overweight, maternal smoking in pregnancy and adult inactivity were related to all obesity outcomes. For example, parental overweight was associated with an elevated OR (OR~adjusted~) of 1.62 (1.45 to 1.81), 1.38 (1.24 to 1.53) and 1.80 (1.61 to 2.02), respectively, for waist, WHR and general obesity ([table 2](#BMJOPEN2016011044TB2){ref-type="table"}). Additional associations were identified for central obesity, and for WHR obesity gender differences were observed: in gender-adjusted models, smoking and low fibre consumption were related to waist and WHR obesity, and in women heavy drinking was associated with WHR obesity. In fully adjusted models, these associations were abolished for waist obesity, but remained, although attenuated, for WHR obesity. No two-way interactions were observed between parental overweight, maternal smoking in pregnancy and adult inactivity for central or general obesity, suggesting that associations were cumulative rather than synergistic (p~two-way\ interactions~ ≥0.38 in all models, data not shown). Parallel analyses for continuous adiposity measures showed broadly consistent patterns. For example, in adjusted analysis, parental overweight was associated with a 3.19 cm (2.63 to 3.74) larger mean waist, 0.91 (0.63 to 1.19) greater WHR (×100) and 1.60 kg/m² (1.37 to 1.83) higher mean BMI (see [online supplementary table](#SM2){ref-type="supplementary-material"} S1).
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###### 

Association (OR (95% CI)) of early-life and adult risk factors with waist, WHR and general obesity at 45 years of age (n=9299)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                   Waist obesity\*\      WHR obesity\*\        General obesity\*\                                                                                                                  
                                   OR (95% CI)           OR (95% CI)           OR (95% CI)                                                                                                                         
  -------------------------------- --------------------- --------------------- --------------------- --------------------- --------------------- --------------------- --------------------- --------------------- ---------------------
  Early life factors                                                                                                                                                                                               

   Parental overweight             1.71 (1.54 to 1.90)   1.72 (1.54 to 1.91)   1.62 (1.45 to 1.81)   1.47 (1.32 to 1.63)   1.46 (1.32 to 1.62)   1.38 (1.24 to 1.53)   1.91 (1.70 to 2.13)   1.92 (1.71 to 2.15)   1.80 (1.61 to 2.02)

   Maternal smoking in pregnancy   1.31 (1.19 to 1.44)   1.31 (1.18 to 1.44)   1.28 (1.15 to 1.41)   1.32 (1.20 to 1.46)   1.30 (1.17 to 1.44)   1.21 (1.09 to 1.34)   1.38 (1.24 to 1.53)   1.38 (1.25 to 1.54)   1.32 (1.19 to 1.47)

  Adult factors                                                                                                                                                                                                    

   Smoking¶ (M)                    1.12 (1.03 to 1.22)   1.05 (0.96 to 1.14)   0.96 (0.87 to 1.05)   1.33 (1.18 to 1.50)   1.24 (1.10 to 1.41)   1.14 (0.99 to 1.30)   1.06 (0.96 to 1.16)   1.00 (0.90 to 1.10)   0.91 (0.82 to 1.01)

   (W)                                                                                               1.64 (1.43 to 1.88)   1.51 (1.32 to 1.73)   1.36 (1.18 to 1.57)                                               

   Heavy drinking¶ (M)             1.02 (0.90 to 1.16)   0.99 (0.87 to 1.14)   1.01 (0.88 to 1.15)   1.11 (0.95 to 1.29)   1.04 (0.89 to 1.22)   1.05 (0.89 to 1.23)   0.88 (0.76 to 1.01)   0.86 (0.74 to 0.99)   0.86 (0.74 to 1.00)

   (W)                                                                                               1.49 (1.16 to 1.92)   1.35 (1.04 to 1.74)   1.43 (1.10 to 1.86)                                               

   Inactivity¶ (M)                 1.45 (1.33 to 1.59)   1.42 (1.29 to 1.56)   1.37 (1.25 to 1.51)   1.70 (1.50 to 1.94)   1.63 (1.43 to 1.85)   1.55 (1.36 to 1.77)   1.42 (1.28 to 1.57)   1.39 (1.26 to 1.54)   1.34 (1.21 to 1.49)

   (W)                                                                                               1.31 (1.14 to 1.51)   1.21 (1.05 to 1.40)   1.17 (1.01 to 1.35)                                               

   Low fibre consumption¶          1.24 (1.13 to 1.35)   1.17 (1.06 to 1.28)   1.08 (0.98 to 1.19)   1.40 (1.28 to 1.54)   1.29 (1.18 to 1.42)   1.17 (1.06 to 1.29)   1.21 (1.09 to 1.33)   1.14 (1.04 to 1.27)   1.05 (0.95 to 1.17)
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*See definitions in [table 1](#BMJOPEN2016011044TB1){ref-type="table"}.

†No gender interactions for waist or general obesity; for WHR obesity gender specific for smoking (p~interaction~=0.02), heavy drinking (p~interaction~=0.046) and inactivity (p~interaction~=0.01).

‡Adjusted for all early-life and adult risk factors.

§Adjusted for all early-life and adult risk factors plus early life (class at birth, birth weight, disability at 7/16 years, hand control/coordination problem at 7, 11, 16 years) and adult (education at 33 years, employment status at 42 years) covariates.

¶Genders combined in all gender-adjusted analyses (ie, where no gender interactions were found).

M, men; W, women.

Only 21% of the population had no risk factors for waist and general obesity, while 6% had all three risk factors ([table 3](#BMJOPEN2016011044TB3){ref-type="table"}). For WHR obesity, 14% of men and 9% of women had no risk factors, while 3% and 14%, respectively, had all risk factors. There was a graded increase in predicted probability of obesity, conditional on covariates, with increasing number of factors ([figure 1](#BMJOPEN2016011044F1){ref-type="fig"}, p~trend\ log-odds~ \<0.001 for all models). For example, among men the probability of waist obesity increased from 0.15 to 0.33 (0 to 3 risk factors). Risk factors were more prevalent in manual than non-manual groups (; [table 3](#BMJOPEN2016011044TB3){ref-type="table"}). For example, in men, 7% and 3%, respectively, in manual and non-manual groups had all three risk factors for waist and general obesity, while 31% and 22%, respectively, had two risk factors. With respect to associations between risk factors, the O/E ratio was close to 1 for all combinations of risk factors for waist and general obesity indicating that there was no evidence of clustering. For WHR obesity, the O/E ratio was \>1 for the extreme groups of none and all risk factors, similarly across social groups.

###### 

Observed and expected\* prevalence of risk factors of waist, WHR and general obesity by social class at birth†

  ---------------------------------------------------------------------------------------------------
  Number of\                    Total   Manual   Non-manual                                     
  risk factors‡                                                                                 
  ----------------------------- ------- -------- ------------ ------ ------ ----- ------ ------ -----
  *Waist and general obesity*                                                                   

  Men                                                                                           

   0                            20.9    20.9     1.0          17.8   18.3   1.0   28.1   28.2   1.0

   1                            45.0    44.8     1.0          44.3   43.5   1.0   46.8   46.5   1.0

   2                            28.3    28.6     1.0          31.1   31.2   1.0   21.6   22.1   1.0

   3                            5.8     5.7      1.0          6.9    7.0    1.0   3.4    3.2    1.1

  Women                                                                                         

   0                            20.6    20.2     1.0          17.1   17.2   1.0   29.5   28.9   1.0

   1                            43.7    44.3     1.0          43.5   43.2   1.0   44.3   45.5   1.0

   2                            29.4    29.4     1.0          31.9   32.1   1.0   22.8   22.2   1.0

   3                            6.3     6.1      1.0          7.5    7.5    1.0   3.4    3.4    1.0

  *WHR obesity*                                                                                 

  Men                                                                                           

   0                            14.3    13.1     1.1          11.7   10.8   1.1   20.6   20.0   1.0

   1                            35.3    35.9     1.0          32.9   33.1   1.0   40.9   41.2   1.0

   2                            33.0    34.6     1.0          34.9   36.3   1.0   28.7   29.2   1.0

   3                            14.4    14.3     1.0          17.0   17.0   1.0   8.2    8.7    1.0

   4                            3.0     2.1      1.4          3.7    2.9    1.3   1.5    0.9    1.7

  Women                                                                                         

   0                            8.6     6.1      1.4          6.8    4.7    1.4   13.3   10.7   1.2

   1                            23.0    23.3     1.0          20.9   20.4   1.0   28.3   30.5   0.9

   2                            31.7    34.6     0.9          31.2   34.0   0.9   33.1   34.0   1.0

   3                            23.2    25.2     0.9          25.4   27.5   0.9   17.7   18.8   0.9

   4+                           13.5    11.0     1.2          15.8   13.5   1.2   7.6    6.1    1.3
  ---------------------------------------------------------------------------------------------------

\*Expected prevalence under the assumption that risk factors occur independently of each other.

†Social class at birth grouped as non-manual (professional, managerial and other non-manual) and manual (skilled, semi and unskilled).

‡Risk factors are: parental overweight, maternal smoking in pregnancy and adult inactivity (waist and general obesity); parental overweight, maternal smoking in pregnancy, adult inactivity, low fibre consumption (men, WHR obesity); parental overweight, maternal smoking in pregnancy, adult inactivity, low fibre consumption, smoking and heavy drinking (women, WHR obesity).

M, men; W, women; WHR, waist--hip ratio.

![Predicted probability^a^ for obesity by number of risk factors^b^. ^a^Probabilities are gender specific, estimated for an individual with a mean birth weight, a father in professional/managerial class at birth, no chronic physical disability or coordination/hand control problems in childhood, degree level qualifications and in paid employment at 42 years. ^b^Risk factors are: parental overweight, maternal smoking in pregnancy and adult inactivity (waist and general obesity); parental overweight, maternal smoking in pregnancy, adult inactivity, low fibre consumption (men, WHR obesity); parental overweight, maternal smoking in pregnancy, adult inactivity, low fibre consumption, smoking and heavy drinking (women, WHR obesity). ^c^Gender-specific models fitted for WHR obesity.](bmjopen2016011044f01){#BMJOPEN2016011044F1}

Discussion {#s4}
==========

By mid-adulthood, about a quarter of 1958 British birth cohort members were generally obese and a third were centrally obese. In this general population sample, we identified four important findings. First, we showed that early-life and adult factors accumulate in association with central and general obesity: the more risk factors that were present, the higher the probability of mid-life obesity. For example, the probabilities for general obesity ranged from 9% to 24% for 0 to 3 risk factors in women. Second, a substantial proportion of the population had multiple risk factors, for example, 36% of women had ≥2 risk factors for waist and general obesity. This is important because the risk factors under consideration are amenable to change. Third, we found that the same three factors, namely parental overweight, maternal smoking in pregnancy and adult physical inactivity were associated consistently and independently with central and general obesity. Interestingly, additional adult risk factors were associated with WHR obesity. Fourth, multiple risk factors were more prevalent among manual than non-manual social groups, but clustering did not vary by social class.

Methodological considerations {#s4a}
-----------------------------

Study strengths include the prospective design, large nationwide sample, multiple risk factors and numerous covariates available throughout life. We used three accepted and validated indicators of obesity that were based on standardised measurements. Adult risk factors examined covered main factors in the literature on lifestyles associated with obesity.[@R10] However, limitations are acknowledged. Risk factors were self-reported. Maternal smoking was assessed after the fourth month of pregnancy as, at the time, it was thought to exert a greater effect on birth weight in the later stages of pregnancy.[@R25] Unlike previous studies of risk factor combinations and obesity in childhood,[@R7] [@R12] [@R13] we did not include infant feeding method because recent literature suggests that its association with obesity may be due to confounding.[@R26] For adult physical activity, no information was available on duration and intensity; however our cut-off of active \<1/week has been shown to be associated with adverse health outcomes.[@R29] Our simple dietary indicator does not capture all dimensions of diet. Yet, simple indicators have advantages in large studies because they are less intrusive, intensive and expensive than other methods. Dietary fibre is a key indicator of diet quality[@R20] and was associated in our study with other dietary components including salad, fruit and fried food consumption. While we examined prenatal, early-life and adult risk factors, other life stages such as adolescence were not considered. The sample size was predefined, but as previously demonstrated the study was adequately powered to detect several of the associations of interest (eg, for maternal smoking in pregnancy[@R9] and parental overweight[@R32]), although it may be less well powered to detect small effects. As with any observational study, we cannot rule out the possibility that risk factor associations are not causal, for example, associations for adult factors may be due to reverse causation. Finally, sample attrition and missing data on covariates could potentially lead to bias. As reported elsewhere for the 1958 cohort, there was some under-representation of childhood cognitive and behavioural problems among participants at 45 years, although those remaining in the study were broadly representative of the original cohort.[@R16] We avoided sample reductions due to missing information by using multiple imputation following current guidelines.[@R24]

Interpretation and comparison with other studies {#s4b}
------------------------------------------------

The intention of our study was to focus on factors that potentially could be modified, rather than to build a prediction model of all possible factors associated with adult obesity. To the best of our knowledge, our study is novel in taking the life course perspective further than previous studies of combined modifiable factors[@R7] [@R12] [@R13] through its incorporation of early-life and adult factors simultaneously for mid-life obesity. In this regard, three risk factors spanning early life and adulthood were found to be consistently associated with central and general obesity. The three-factor associations were cumulative with no evidence of synergistic effects. One other study of life-time influences on adult adiposity (31 year BMI) showed similar findings to ours, of independent associations for parental (maternal) BMI and own physical activity, but not for smoking or alcohol.[@R14] Our results confirm previous findings that early-life factors such as parental overweight and maternal smoking in pregnancy, and adult factors such as physical inactivity are associated with adult adiposity.[@R6] [@R9] [@R10] [@R33] However, we extend previous work by demonstrating an additive effect of lifetime risk factors for mid-life obesity. Interestingly, we found more risk factor associations for WHR obesity, including adult smoking, low fibre and alcohol consumption than for waist or general obesity. Some differences in risk factor associations might be expected, given that WHR is less strongly related to BMI than waist circumference, particularly in women, and is a more specific index of fat distribution.[@R3] Such observations, may in part, explain why we found additional risk factors for WHR obesity and may also account for some of the gender differences observed for this outcome. Our study is novel in addressing a gap in knowledge of the lifetime factors associated with adult WHR obesity and by identifying additional and overlapping factors when compared to general and waist obesity. Some associations (for smoking and heavy drinking) were stronger for women, although explanations for such gender differences are unknown.

Studying the combined effect of risk factors on obesity provides insights into the potential benefit of changing not just one, but multiple factors. A recent meta-analysis showed that a higher number of risk factors was related to a greater risk of mortality,[@R34] and our demonstration of multiple risk factors for adult obesity is relevant in this regard, given that obesity is an intermediate phenotype for chronic disease and mortality. A limited number of studies of multiple risk factors for adult obesity report predicted probabilities for adult factors let alone for factors from different life stages. Our findings of a substantial range in predicted probabilities of obesity is consistent with previous observations.[@R7] [@R35] In one study of early life, predicted probabilities for childhood obesity ranged from 0.06, for those without any of four factors including maternal smoking in pregnancy, to 0.29 with adverse levels for all four.[@R7] While others found that, for example, given parents with a BMI of 30 kg/m^2^, the probability of childhood obesity ranged from 0.03 to 0.43 with combinations of other factors (eg, gestational smoking and birth weight).[@R35] Our findings on probabilities for obesity decades later in mid-adulthood highlight the continuing relevance of early-life factors for later outcomes. Interestingly, we found that lifetime risk factors for central and general obesity did not cluster, although risk factors were more prevalent for those from manual backgrounds: for example, 38% of men with ≥2 factors for general obesity versus 25% in non-manual classes. This finding agrees with the limited evidence to date of socioeconomic disadvantage associations with multiple unfavourable behaviours.[@R11]

Conclusions and implications {#s4c}
----------------------------

Three risk factors amenable to change, namely parental overweight, maternal smoking in pregnancy and adult leisure-time inactivity, had independent associations with mid-life obesity. The associations observed, spanning prenatal, early-life and adult factors, suggest that public health programmes that aim to reduce the burden of obesity could target a range of factors over the life course. Some of the factors identified are already the focus of public health interventions and our results provide further support for these. The predicted probabilities for cumulative levels of risk factors illustrate the reductions in obesity prevalence, at the population level, that could potentially be achieved with improvement in one or more of these factors. While, at the individual level, the risk factors identified could be used to identify those for whom interventions may be most beneficial. Only 21% had none of these three risk factors for general obesity and prevalence of ≥2 risk factors was common (35%) suggesting that obesity-related health benefits of prevention would apply to substantial proportions of the population. Moreover, the higher rate of risk factor prevalence in manual social groups highlights a possible role in social inequalities in adult obesity and associated health burden and may therefore be relevant to the reduction of social inequalities. This study provides support for strategies to reduce multiple risk factors for the prevention of obesity for current and future generations. Our study is of a particular generation and future studies are needed to establish whether the influence of the factors identified apply within the context of changing demographic characteristics. Nonetheless, our results are likely to have continuing relevance to younger generations who remain exposed to high levels of parental overweight, maternal smoking in pregnancy and inactive lifestyles.
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